Summary. In 4-cell embryos (but not in blastocysts), Triton X-100, a non-ionic detergent, stimulated leucine, phenylalanine, methionine and glutamic acid transport from 1 \ m= . \ 6 -to 3\m=.\2-fold.All of these amino acids were transported exclusively by a sodium\x=req-\ independent mechanism. Triton X-100, however, did not stimulate the transport of other amino acids tested in 4-cell embryos. Furthermore, phenylalanine transport rates were stimulated about 2-fold at the 4-cell stage by all of the non-ionic and zwitterionic detergents tested at concentrations which were approximately one-tenth of the critical micellar concentration for each detergent. These concentrations did not block development, disrupt the cells, or make the cell membranes freely permeable.
Introduction
The development of nutrient transport systems is an important feature of early mammalian embryogenesis. This development is characterized by increasing rates of amino acid and nucleoside transport and activation of sodium-dependent amino acid transport as early cleavage-staged mouse embryos become morulae and blastocysts (Tasca & Hillman, 1970; Brinster, 1971; Epstein & Smith, 1973; Borland & Tasca, 1974 Epstein, 1975, review; DiZio & Tasca, 1977) . Maximum transport rates occur at the blastocyst stage as the blastocyst prepares for hatching, growth and implantation and as the trophectodermal tissue and the inner cell mass (presumptive embryo) become distinct groups of cells. In-vitro experiments have shown that certain amino acids are 'essential' for blastocyst hatching, attachment and outgrowth of the post-implantation mouse embryo (Spindle & Pedersen, 1973) . Leucine and methionine are included in this group and their transport in mouse embryos has been studied intensively (Tasca & Hillman, 1970; Epstein & Smith, 1973; Borland & Tasca, 1974 Holmberg & Johnson, 1979;  Kaye, Schultz, Johnson, Pratt & Church, 1982) . There is strong evidence that a carrier-mediated transport system for these amino acids is present in unfertilized mouse eggs, early cleavage-stage embryos and blastocysts (Epstein & Smith, 1973; Borland & Tasca, 1974; Holmberg & Johnson, 1979) . In eggs and early cleavage stages, this transport system has features similar to that of the L system defined by Christensen (1975) , including Na +-independency, substrate specificities and exchange properties (Borland & Tasca, 1974; Kaye et ai, 1982) .
Non-ionic and zwitterionic detergents have been predominantly used to solubilize membranes and isolate specific cell membrane proteins (Helenius & Simons, 1975) . These (Helenius & Simons, 1975; Heppel & Makan, 1977 ; Gonenne& Ernst, 1978 ; Meeks& Chen, 1979; Juliano &Gagalong, 1979; Schmidt, Lichtenberg, Jackson & Litman, 1980) . Accordingly, we have extended our earlier amino acid transport studies (DiZio & Tasca, 1977) by examining the effects of low concentrations of nonionic and zwitterionic detergents on preimplantation mouse embryos.
Materials and Methods
Collection of embryos. Random-bred albino female mice (8-12 weeks of age) were induced to superovulate by i.p. injection of 5 i.u. PMSG (Gestyl: Organon, West Orange, NJ, U.S.A.), followed 44 h later by i.p. injection of 5 i.u. hCG (Sigma, St Louis, MO, U.S.A.) (Edwards & Gates, 1959) . The mice were then mated with selected males. Pregnant females were identified by vaginal plugs 20-22 h later (Day 1). Two-to 4-cell embryos were collected from the oviducts of pregnant mice on the afternoon of Day 2 and were cultured in vitro in preimplantation culture medium (PCM: Goldstein, Spindle & Pedersen, 1975) according to Brinster's procedures (Brinster, 1963) . Blastocysts were collected from the uteri of pregnant mice on Day 4.
Culture media and radioactive labels. The completely defined culture medium (Ficoll preimplantation culture medium, FPCM) used for these experiments was PCM with bovine serum albumin replaced by 3 g Ficoll (Pharmacia, Boston, MA, U.S. A.)/l. Tritiated amino acids or uridine (New England Nuclear, Boston, MA, U.S.A.) were used in the following concentrations and specific activity: phenylalanine, 0-18 µ (54-2 Ci/mmol); leucine, 0-17 µ (51-7 Ci/mmol); methionine, 0-20 µ (80-0 Ci/mmol); glutamic acid, 0-23 µ (43-0 Ci/mmol); alanine, 0-62 µ (16-1 Ci/mmol); -amino-isobutyric acid, 1-0 µ (10 Ci/mmol); glycine, 0-66 µ (15-0 Ci/mmol); threonine, 0-17 µ (3-4 Ci/mmol); lysine, 0-199 µ (73-1 Ci/mmol); uridine, 0-20 µ (30-0 Ci/mmol). These low concentrations of amino acids or uridine were used to minimize the uptake by diffusion and exchange diffusion (Borland & Tasca, 1974; Schultz, Kaye, McKay & Johnson, 1981 
Effects of TX-100
Simultaneous incubation of 4-cell mouse embryos in a tritiated amino acid or [3H]uridine for 1 h with 0-005% Triton X-100 resulted in a selective pattern of modulation of transport. Transport rates of phenylalanine, leucine, methionine, and glutamic acid were all significantly stimulated by 0005% Triton X-100 (Text- fig. la ), to levels which were from 1-65 (methionine) to 3-2 (phenylalanine) times the control rates for 4-cell embryos. The stimulated rates of transport for phenylalanine (7-2 fmol/embryo/h) and leucine (5-2 fmol/embryo/h) approached the rates of phenylalanine (9-5 fmol/embryo/h) and leucine (5-6 fmol/embryo/h) transport in control uterine blastocysts (Text- fig. 1 ). Transport of the other amino acids tested, alanine, glycine, threonine, and lysine, and the non-metabolizable amino acid analogue, oc-aminoisobutyric acid (a-AIB), was not significantly affected by Triton X-100 treatment. Uridine uptake by 4-cell embryos was significantly decreased to 19% of the control value in the presence of 0005% Triton X-100. The stimulation of leucine and phenylalanine transport by 0005% Triton X-100 could also be obtained with a lower concentration (0-001%, data not shown). These stimulatory concentrations were approximately one-tenth of the critical micellar concentration for Triton X-100 (Text- fig. 1 ).
The effects of Triton X-100 upon amino acid transport in mouse blastocysts were also determined (Text- fig. 1 b) . Control blastocysts showed increased rates of transport for amino acids and uridine in comparison with 4-cell mouse embryos (controls, Text- fig. 1 ). Compared with its effect at the 4-cell stage, 0005% Triton X-100 no longer stimulated transport of phenylalanine, leucine, methionine, or glutamic acid. Alanine, a-AIB, glycine and threonine remained unaffected. Lysine transport, in contrast to its lack of response to detergent at the 4-cell stage, was significantly stimulated at the blastocyst stage, to 1 -9 times the control value. Uridine uptake was significantly decreased to 20% of the control value. A lower concentration, 0-001% Triton X-100, also caused no significant modulation of transport rates of phenylalanine, leucine, glutamic acid or alanine (data not shown). fig. 1 . Effect of Triton X-100 upon transport rates in (a) 4-celled mouse embryos and (b) uterine blastocysts. Values are mean + s.e.m. for 3-7 observations. *P < 0-01 compared with control value. \P < 0-001 compared with control value (data transformed by logarithmic expression before analysis). The CMC for Triton X-100 is 0-24 mM (0015%) (Helenius & Simons, 1975) .
Triton X-100. Incorporation into protein was also inhibited by Triton X-100 at the blastocyst stage, with phenylalanine incorporation decreased to 9% and leucine incorporation to 2% of the control levels by 0-005% Triton X-100 treatment (data not shown). 
Effects of octyl and decyl glucosides
To determine whether the selective pattern of stimulation of amino acid transport by Triton ¬ 00 at the 4-cell stage was due to a specific property of Triton X-100 or to a general detergent property, other non-ionic and zwitterionic detergents were tested. Octyl and decyl glucosides (octyl ß-D-glucopyranoside and decyl ß-D-glucopyranoside) are non-ionic detergents which have been shown to be efficient solubilizers of membrane proteins, allowing retention of the enzymic activity of the membrane protein (Baron & Thompson, 1975) . They are more readily removed from membrane preparations as they have higher critical micellar concentrations (CMC) and a lower affinity for proteins than does Triton X-100 (Baron & Thompson, 1975 (DiZio & Tasca, 1977) . Therefore, to determine whether Z312 and ouabain are both acting on Na + -K + -ATPases, the ability of cytochalasin B-collapsed blastocysts to re-expand, which is dependent on Na + -K + -ATPase activity, was tested. Cytochalasin B-collapsed blastocysts were able to re-expand in the presence of 0-01% Z312 within 90 min after removal from cytochalasin B.
The incorporation of [3H] phenylalanine into protein during the 1-h label at the 4-cell stage was not affected by 0-01 % Z312, unlike the inhibition of incorporation caused by Triton X-100 and octyl and decyl glucosides (Table 1) Treatments of 4-cell embryos for 1 h with 01% Z310, 0-01% Z312, 0-01% decyl glucoside, or 0-001 or 0005% Triton X-100 (all at about one-tenth of their respective CMCs) allowed development into blastocysts when treated embryos were placed into fresh PCM after careful washing. In outgrowth medium, these blastocysts developed into inner cell masses and trophoblastic cells. Higher concentrations of Triton X-100 (0-01%) stopped development at the treated stage while even higher concentrations (0-1%) caused rapid disintegration of the embryos at the time of treatment. In the presence of these higher concentrations (001 and 0-1 %), the transport rates were reduced to negligible values (data not shown).
Four-cell embryos excluded nigrosin dye during treatments for 1 h at the detergent concentrations which stimulated phenylalanine transport, but dye quickly entered at higher detergent concentrations, indicating cell death. Likewise, the usual impermeability of the cell membranes to [3H]UTP was not altered by Triton X-100 treatment (0-001 or 0005%, preliminary experiments), further evidence that the stimulatory concentrations do not destroy the integrity of the cell membranes. Thus, the increased or decreased amino acid or uridine transport rates obtained with low concentrations of TX-100 and the other non-ionic and zwitterionic detergents tested represented stimulation of inhibition of specific transport processes, and were not due to alterations in general permeability of cell membranes (Heppel & Makan, 1977) . The low, stimulatory concentrations were below the CMC, and were, in all cases studied here, approximately one-tenth of the CMC for the non-ionic and zwitterionic detergents.
Discussion
One of the most important results of the present experiments is that the transport of leucine, methionine, phenylalanine, and glutamic acid in 4-cell embryos is significantly increased by the Triton X-100 treatment (Text- fig. 1 ). At the 4-cell stage, all four of these amino acids are transported by a completely sodium-independent mechanism (Borland & Tasca, 1974; DiZio, 1978) . There is considerable evidence of carrier-mediated transport of leucine and methionine by unfertilized mouse eggs, early cleavage-stage embryos, and blastocysts (Epstein & Smith, 1973; Borland & Tasca, 1974; Epstein, 1975; Holmberg & Johnson, 1979) . In eggs and cleavage-stage embryos, this transport system resembles the L system defined by Christensen (1975) in that it is Na +-independent, has similar substrate specificities, and is highly exchangeable (Kaye et ai, 1982) . Changes in Kmax for leucine and methionine transport which occur between the 4-cell and blastocyst stages indicate an increase in number or mobility of carriers (Borland & Tasca, 1974) . Competition for transport in cleavage-stage embryos has been observed between methionine, leucine and phenylalanine but there is no evidence of competition by glycine, alanine, aaminoisobutyric acid, or lysine for this L-like system (Epstein & Smith, 1973; Borland & Tasca, 1974; Epstein, 1975; Holmberg & Johnson, 1979; Kaye et al., 1982) . In addition to this selective modulation of the transport of these amino acids by the non-ionic detergent Triton X-100, the other non-ionic and zwitterionic detergents tested are also able to stimulate phenylalanine transport at the 4-cell stage. It is reasonable that stimulation of the transport of amino acids by detergents at the 4-cell stage is due to a change in conformation or conformational mobility of transport 'carriers' caused by a binding of the detergent molecule to the hydrophobic regions of these molecules or incorporation into their associated lipids (Helenius & Simons, 1975) . This detergent stimulation may therefore be due to the activation of latent or minimally active cell membrane transport molecules which are already present in unfertilized eggs and persist through the blastocyst stage (Borland & Tasca, 1974; Holmberg & Johnson, 1979) . Alternatively, the detergents may affect the availability of amino acid pools for increased exchange.
In addition to their modulation of amino acid transport, the non-ionic detergents inhibit amino acid incorporation into protein. This inhibition would, by itself, preclude our interpretation of the stimulation of transport as primarily a membrane effect. However, the zwitterionic detergents, which also stimulate phenylalanine transport at the 4-cell stage, do not inhibit amino acid incorporation. We therefore view the stimulatory effects of the zwitterionic and non-ionic detergents as being primarily a cell surface effect. These results suggest that the zwitterionic detergents would be a better choice for future studies on the regulation of a variety of cell surface functions including transport mechanisms, antigen-antibody reactions, hormone-receptor functions, and cell-cell interactions.
One consistent finding in these experiments is that the effective concentrations of Triton X-100, octyl and decyl glucosides and the zwitterionic detergents are approximately one-tenth of their critical micelle concentrations (CMC). At these concentrations an equilibrium exists between the detergent monomers in solution and those incorporated into the membrane (Helenius & Simons, 1975; Schmidt et al., 1980) . At higher concentrations, close to the CMC, the integrity of the membrane is destroyed, and at concentrations above the CMC the membrane is rapidly solubilized with the formation of detergent-lipid and detergent-protein micelles (Helenius & Simons, 1975; Gonenne & Ernst, 1978; Meeks & Chen, 1979; Schmidt et al., 1980 (Pratt, 1978 (Pratt, , 1980 . Lysine transport, which was not affected at the 4-cell stage, is significantly stimulated at the blastocyst stage, perhaps because of the appearance of some developmentally controlled, detergent-sensitive component at this stage.
At the blastocyst stage the action of Z312 on transport rates was different from that of the nonionic detergents, causing a drastic decrease in the transport rates of phenylalanine and alanine and an increase for lysine. There is a striking similarity between these results and those obtained in studies of amino acid transport linked to Na+-K + -ATPase (DiZio & Tasca, ,1977 : the values were 29 and 28% for phenylalanine, 8 and 6% for alanine and 165 and 153% for lysine. It is therefore possible that Z312 was acting upon the Na+-K +-ATPase directly, as proposed for the action of ouabain on blastocyst Na+-K+-ATPase (DiZio & Tasca, 1977 (Borland & Tasca, 1974 ; DiZio & Tasca, 1977) . The binding of sodium to this component would enhance the binding of the amino acid to the sodium : carrier complex and its subsequent transport (Borland & Tasca, 1975) . It is reasonable to suggest that Z312 may be interfering with this sodium : carrier complex since Z312 inhibits amino acid transport only at the blastocyst stage when this complex is active and not at the 4-cell stage when transport of phenylalanine and alanine is largely sodium-independent. More detailed kinetic studies are needed in order to resolve the mechanism by which detergents affect cell surface functions. However, the present report demonstrates the usefulness of low concentrations of non-ionic and zwitterionic detergents as refined probes of the development of cell membrane function in intact cells and embryos.
